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Abstract 
In this work the coupled magnetostructural and premartensitic phase transitions in Heusler Ni-Mn-Ga alloy have been modeled 
by Monte Carlo method using Ising and Blume-Emery-Griffiths models. The phase diagrams in coordinates (Temperature – 
Magnetoelastic constant) were obtained. For the first time it is shown that the magnetoelastic interaction account in austenitic and 
martensitic phases allows to describe the coupled magnetostructural phase transition in Ni-Mn-Ga alloys. The area of the 
premartensitic phase transition in the temperature – magnetoelastic constant diagram has been found. 
 
PACS: 75.50.-y, 75.10.-b, 75.30.Sg; 
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1. Introduction 
Heusler Ni-Mn-Ga alloys have combination of the properties, such as the shape memory effect, the giant 
magnetocaloric effect, the large magneto-induced magnetostriction etc, see review Vasil’ev’s et al. [1]. The 
stoichiometric Ni2MnGa alloy has the cubic L21 structure with the ferromagnetic (FM) spin alignment at room 
temperature. The Curie temperature is TC  376 K, see Webster et al. [2]. After cooling, the high-temperature 
austenitic phase transforms to the FM intermediate (premartensitic) (PMT) 3M phase. The PMT phase is a 
micromodulated structure with a cubic symmetry without tetragonal deformations in which only the three-plane 
shuffle strains are activated. Zheludev et al. [2] discovered that a softening of transverse TA2 phonon modes in the 
direction [, , 0] with 0 = 0.33 is observed in the vicinity of the PMT transition temperature Tp  260 K. This 
phonon mode corresponds to the elastic module C′ = (C11 – C12)/2 which is related to by the transverse sound 
velocity propagating in the [110] direction and polarized along the [1 10 ] axis. Manosa et al. [4] have performed 
measurements of the velocity of ultrasonic waves in the sample with composition close to the stoichiometric 
Ni2MnGa. Anomalies in the temperature dependences of the elastic constants C44 and C′ have been observed at Tp  
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265 K. Further cooling increases these modules. As the temperature is lowered below Tm  200 K, the martensitic 
transformation occurs from the 3M PMT phase to the martensitic (tetragonal) one with a 5-layer periodic 
modulation. Khovaylo et al. [5] have shown that for the case of non-stoichiometric Ni2+xMn1-xGa alloys the coupled 
magnetostructural (MST) phase transition from FM tetragonal state to paramagnetic (PM) cubic one occurs in the 
region 0.18 < x < 0.27. 
From theoretical point of view the PMT effects have been investigated by Castan et al. [6] using the Monte Carlo 
(MC) method. It was shown that the magnetoelastic (ME) interaction is responsible for the PMT transition. Authors 
have taken into account ME interactions between magnetic and structural degrees of freedom of cubic and tetragonal 
phases. But ME interactions within cubic and tetragonal phases have not been considered. Buchelnikov et al. [7] 
have been investigated the coupled MST transition in non-stoichiometric Ni2+xMn1-xGa alloys using MC method. 
In this work we present the theoretical model for description of PMT and MST phase transformations in Heusler 
Ni2MnGa alloy by MC method. In our model we propose ME interactions in the cubic and tetragonal phases 
between magnetic subsystem and structural one. 
2. Theoretical model 
In the proposed model we use a simple square lattice with periodic boundary conditions and take into account 
interactions between nearest neighbors. As it is well known, the magnetic moment of Mn atoms μMn  4 μB is more 
than magnetic moment of Ni atoms μNi  0.3 μB and Ga atoms are non-magnetic atoms, see Webster et al [2]. So, in 
our model we use the lattice which occupied by Mn atoms only. The magnetic subsystem describes by Ising model 
with spin S = 1/2 (See Eq. 1) 
,
m m
i j
H J
< >
= −

S S
2
. (1) 
Here Jm is a magnetic exchange constant, Si are the spin variables (i = 1, .., N), index <i,j> denotes a sum over 
nearest neighbors. 
For description of the structural subsystem, we take the degenerated three state Blume-Emery-Griffiths (BEG) 
model, see Castan et al. [6] and Buchelnikov et al. [7]. As it is well known, the martensitic phase has several 
variants at low temperature. These variants correspond to the lattice displacements along ±x, ±y and ±z axis at the 
structural transition. All lattice displacements are absent in the cubic phase. This phase can transform to any 
martensitic variants after cooling. In our model we consider two martensitic variants with the lattice deformation 
along ±x axis, i.e. the cubic phase is doubly degenerated. The structural part of Hamiltonian is presented by (Eq. 2) 
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Here J, K are the exchange constants of the structural subsystem, T is the temperature, kB is the Boltzmann constant, 
p is the degeneracy factor that characterizes number of structural variants, z is a coordination number, i = 1, 0, -1 
represents the deformation state of each site of the lattice (i = 0 corresponds to undistorted state whereas i = ±1 
represents distorted states). Summing up is taken over all nearest neighbor pairs. 
With respect to the elastic part of the Hamiltonian (Eq. 2), the first term describes the interaction between single 
strains i in the tetragonal state. The second term defines the interaction between single strains i in the cubic phase, 
besides parameter K characterizes the martensitic transition temperature. The last term may be regarded as a 
temperature dependent crystal field which arises from the augmentation of the entropy of the cubic state (i = 0) by 
assigning it the degeneracy factor p, see Burkhardt [8]. 
The ME interaction can be written as (Eq. 3) following from BEG model, see Castan et al. [6] 
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Where U00, U11 and U10 are ME constants. The first and second terms describe the interaction of magnetic subsystem 
with a lattice modulation and the last term renormalizes a spin-spin interaction. As Castan et al. [6] have shown the 
tetragonal, PMT and cubic phases can exist under the condition (U11 + U00 – 2U10) > 0. We should note that in [6] 
authors have considered the U10 ME constant only.  
So, the total Hamiltonian can be written as (Eq. 4) 
m elH H H= + + H . (4) 
In our model we use renormalized parameters defined by ratios over J: A*=A/J, here A = H, Jm, K, kBT, U10, U11, 
and U00. The order parameters and specific heat are defined in the following way 
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Here the first order parameter defines the magnetic phase transition from FM to PM state. The order parameter  
corresponds to the tetragonal distortion. The case of  = 0 (equal population of i = 1, -1, 0) corresponds to average 
cubic phase, but if i = 0 amounts to 100 % then we have a pure cubic phase. Opposite, the case of  = 1 
corresponds to the one of the variants (i = 1 or i = -1) of the tetragonal phase. The third order parameter is a lattice 
modulation strain which characterizes PMT transition. In the high temperature cubic phase, i variables distribute 
randomly and parameter q defines as q = q0 = 2/(p + 2). The difference q0 – q is the amplitude of the plane 
modulating strain and if p = 2 then q = ½ and it corresponds to the average cubic phase. 
3. Numerical results 
In this section we present numerical results of the phase diagram modeling for Ni2MnGa alloy by the MC 
method. The corresponding simulations have been carried out using a standard Metropolis algorithm, see Landau 
and Binder [9]. The changes in the spin states Si and i are treated independently and accepted or rejected according 
to the single-site transition probability W=min{1, e-H*/T*}. For simulations of the square lattice we used periodic 
border conditions and 4 near-neighbors for each site. The number of sites in the lattice was equal to N=252. The time 
unit is one MC step, which consists of N attempts to change the q and i variables. For the given temperature the 
number of MC steps on each site is 105. We start the MC simulations from the FM martensite with Si = 1/2 and i = 
1. The various quantities are averaged over 400 configurations taken every 100 MC steps and discarding the first 104 
MC steps for equilibrium. The degeneracy factor was taken as p = 2. 
We would like to note that in the BEG model under conditions Jm > 0, U10 < 0 and Jm + U10 > 0 three phase 
transitions are possible with increasing temperature: the martensitic transition from the tetragonal phase to 
quasicubic phase at Tm, the PMT transition from the quasicubic phase to the cubic one at Tp, and the magnetic 
transition from the FM phase to PM one at TC. In our simulation we have fixed the following parameters Jm*= 4, K*= 
0.15 and U10*= -3.5. It should be noted that Castan et al. [6] have used the same parameter values. For modeling 
phase diagrams we changed parameters U11* and U00*. The values of U11* and U00* have been taken from condition 
(U11* + U00* – 2U10*) > 0, see Castan et al. [6]. For the case of U11* = U00* = 0, the reduced transition temperatures 
are Tm*  2.25, Tp*  3.9 and TC*  5.4, respectively (Castan et al. [6]). 
The numerical results of our simulations are presented on Fig.1-4. 
Fig. 1 presents T* – U11* phase diagram under condition of the equaling ME constants U11* = U00*. We can see 
from Fig. 1, the PMT phase transition from the quasicubic phase to the cubic one arises at approximately value of 
U11* = -0.7. For the case of K* = 0.3, we have found that the PMT transition is coincided with the martensitic phase 
transition. The temperatures of the magnetic and PMT phase transitions are separated and increase with increasing 
of U11*, while the martensitic transition temperature practically does not change. Also we have found the distinction 
of these phase diagrams: the coupled MST from the FM tetragonal state to the PM cubic one can occur in the range 
of -3.5 < U11* = U00* < -3. We would like to note that Buchelnikov et al. [7] have proposed an alternative method of 
modeling coupled MST by BEG and Potts models. In that method we have to change three parameters, such as Jm*, 
K* and U10*. 
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Fig. 1. T* – U11* phase diagram obtained from MC simulations with different values of K* parameter. a) K* = 0.15, b) K* = 0.3. Here, FMT – 
ferromagnetic tetragonal phase, FPMT – ferromagnetic PMT phase, FC – ferromagnetic cubic phase, and PC – paramagnetic cubic phase. 
In Fig. 2 we show the temperature dependencies of the order parameters in a zero magnetic field. 
 
 
Fig. 2. Temperature dependencies of the magnetic and structural order parameters for the cases of (a) U11* = U00* = -3.35 and (b) U11* = U00* = 
1.0, respectively. 
From Fig. 2a for the case of U11* = U00* = -3.5, we can see the coupled MST phase transition at T*  1.5, since the 
temperature curves of the magnetic (m) and structural () order parameters coincide. The temperature dependency of 
the modulation order parameter (q) has a smooth trend. It is meant that the PMT transition is absent. For the case of 
U11* = U00* = 1.0 (Fig. 2b), we have found three phase transitions: the martensitic transition from the FMT phase to 
the FPMT phase at Tm*  2.25, the PMT transition from the FPMT phase to the FC one at Tp*  5.0, and the 
magnetic transition from the FC phase to the PC phase at TC*  6.5. 
In Fig. 3 we present temperature dependencies of the specific heat for the cases of U11* = U00* = -3.5 and U11* = 
U00* = 1. As we can see from Fig. 3a, there is one peak on the specific heat curve indicating on the coupled MST 
phase transition at T*  1.5. In Fig. 3b the temperature dependency of the specific heat contains three peaks 
corresponding to the following phase transitions: the martensitic transition from the FMT phase to the FPMT phase 
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at Tm*  2.25, the PMT transition from the FPMT phase to the FC one at Tp*  5.0, and the magnetic transition from 
the FC phase to the PC phase at TC*  6.5. 
 
 
Fig. 3. Temperature dependencies of the specific heat for cases of (a) U11* = U00* = -3.35 and (b) U11* = U00* = 1.0, respectively. 
In Fig. 4 we present the (U00* – U11*) phase diagram obtained at other fixed model parameters. As we can see, the 
PMT effects are appeared under negative constants of the ME interaction in the very narrow range of constants U00* 
and U11*. A convergence of the structural and magnetic transition temperatures occurs under equal values of the 
magnetocoupling constants U00* and U11*. For the case of the positive values of the magnetocoupling constants U00* 
and U11*, we have found an enlargement area of the PMT effects and a discrepancy of the structural and magnetic 
transition temperatures. 
 
 
Fig. 4.  the (U00* – U11*) phase diagram obtained by MC simulations. 
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4. Summary 
In this work the premartensitic effects in Heusler Ni2MnGa alloy have been studied using the mixed Ising and 
Blume-Emery-Griffiths model by Monte Carlo simulations. In the proposed model we have considered all ME 
interactions between magnetic and structural degrees of freedom in comparison with the paper Castan et al. [6]. Our 
simulations have shown that the PMT area depends on magnetostructural interactions, and it rises with an increase 
of constants U00* and U11*. We have found two interesting features. For the case of the equal magnetocoupling 
constants U00* and U11* at fixed other parameters:  
1. The coupled MST phase transformation from the PM austenite to the FM martensite can occur in the narrow 
negative range of magnetocoupling constants U00* and U11*;  
2. The coupled martensitic and PMT phase transformation can exist under negative values of magnetocoupling 
constants U00* and U11*. 
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